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Description 

This invention pertains to multiple layer flexible sheet structures for packaging and the use of such 
structures Z HMtato tubes of the type commonly used for packag ng paste type products, 
s The invention also concerns the method of making such structures. 

Thfck meVal foil as a single layer has long been used to hold and dispense paste type products 
How^etmeS paste tubes hive definite shortcomings. Compared to other tube structures, metal tubes 
are exoensive dent easily and tend to crack with a moderate amount of flexing. 

Xecent times a ta rge share of the tube market has been taken by flex ble sheet materials having a 
,o mulSSto of Polymeric layers. Typical tubes have an inner heat scalable layer, an outer heat sea able 
K! X a baKr layer interposed therebetween. Additional layers may further be used in conventual 

^Te^^^^^ and thin metal foils, may also be included in these 

*~l Kowrf for ES&SSK ST3 X EES. «• a* . high quality barrier layer. When 
foil is used? ft is commTpractice to use a highly adhesive polymer to adhere it to adjacent layers of the 

While known structures have experienced success commercially, there has been a certain degree of 

20 ^eSI proSs a^aS^hard to package because ^chemical activities -u«tin*e inner 
tube layers and particular^ the aluminum foil layer being attacked. Th.s problem has been addressed by 
Ssing 7SSSSS resistani polymers as the tube interior layers to protect the foil. The most recent 
developments in that regard are described in our copending European patent application EP-A-0 109 465 
fdate of S 23.1 ?.82?date of publication: 30.05.84). wherein the inner sealant layer of the tube is linear 

25 ^T^rXT^ST^ of paper, which may provide dimensional stability, which is 
particular^mportant for printing, andwhich also provides an aesthetically pleasing and aseptcally clean 
aDnearina white background. Paper also improves deadfold retention. 

PP A particular problem of tube failure is attributed to failure of the tubes due to rough handling during 
shiooino The tube sidewall may split, allowing the contents of the tube to ooze out. It has been observed 
30 ,ha P re paper l?er is the weakest part of known laminates, and once it begins to fail, the entire tube is 

Weak CabS offtube to withstand rough handling is related to its ability to withstand a drop te^ 
described hereinafter as a tube drop test, in which a tube filled with product is repeatedly dropped until the 
35 ?ube faifs AuTubes shfpped in commerce may be expected to be subjected to rough handling regardless of 
SepSuS contained and are thus subject to handling stress as exemplified in the .tube drop test 
Economic construction of tubes consistently capable of passing the drop test has remained a problem This 
omblem has been addressed by using a strengthening layer of biaxially oriented polypropylene within the 
she* £urfun?,Ts deSed in the ^id application EP-A-0 109 465. As disclosed therein the laminate 
ao conSiS aTaper layer, and while certain improvements in strength are achieved, lt ,s desirable to achieve 
dimensional stability in another structure which has the economy and stab.iity of paper, and mcreased 
strenath to make an even more cost effective structure. . 

A^er improvement in combatting the chemical activity of the product on the container is ; described 
in our copending European patent application EP-A-0 115 111 (date of filing: 28 01 83; date of 
pliWicatfon: 08.08.84) which teaches the use of a polyacrylic acid chrome complex primer between the fo.l 
and an ethylene acrylic acid copolymer on the sealant side of the foil. 

It is an object of this invention to make a dimensionally stable sheet structure w.thout paper for use in 
making tubes, which structure has desired product holding chemical resistance, at a more economical cost, 

an<J S^SSZ^^mti invention provides a multip.e-layer sheet structure for packaging 
including a heat sealable layer forming an exterior surface of the structure, a polypropytene ' l^er and an 
"terverfng adhesive layer, wherein the polypropylene layer at least is umaxially oriented a1 : a stre ch ratio 
of Zn to 4/1 and this layer is disposed with the surface in contact with the adhes.ve layer being within 1.5 
mil (0 038 mm) of the said exterior surface. 
55 A Sipl^er sheet embodying this structure and having two exterior surface layers may comprise a 
plurality of interior layers which, taken in order can be: 

(a) a first heat sealable layer at a first one of said exterior surfaces; 

(b) a first adhesive layer of ethylene acrylic acid copolymer; • 

(c) a metal foil layer; 
60 (d) a second adhesive layer of ethylene acrylic acid copolymer; 

(e) a first layer of polyethylene or an ethylene copolymer; 

(f) a second layer of polyethylene or an ethylene copolymer; 

(g) a primer layer; 

(h) said layer of uniaxialiy oriented polypropylene; 
6$ (i) a third adhesive layer comprising the said intervening adhesive layer; and 
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(j) said heat seaiable layer as a second heat sealable layer of the structure at the second one of said 
exterior surfaces. 

In preferred structures according to this invention, the second heat seaiable layer, the third adhesive 
layer, and the polypropylene layer, are produced by coextrusion as a three layer film and are all uniaxially 
s oriented simultaneously as a three layer film, the orientation ratio being between 3/1 and 4/1 . In the finished 
sheet structure the three layer oriented coextruded film is 2.0—2.5 mils (0.051 to 0.064 mm) thick and the 
polypropylene layer is about 1.0 mil (0.025 mm) thick. 

In order that the preferred sheet material of the invention may be formed into tubular containers, it is 
essential that the first and second heat seaiable layers be compatible for heat sealing to each other. 
io The invention is also embodied in a flexible dispensing tube made of the multiple layer sheet material, 
hereinabove described, with the uniaxially oriented layer or layers disposed toward the exterior surface of 
the tube. 

The invention further comprehends a method of making a multiple layer sheet material. The steps of 
the method include, first coextruding a three layer film and uniaxially orienting it at an orientation ratio of 

is 3/1 to 4/1 to produce an oriented film having three consecutive layers of 0.8 to 1.2 mils (0.02 to 0.03 mm) 
low density polyethylene, 0.2 to 0.3 mil (0.005 to 0.008 mm) ethylene methyl acrylate, and about 1.0 mil 
(0.025 mm) polypropylene. The oriented film is corona treated on the exposed polypropylene surface. The 
treated surface is then primed with polyethylene imine. A previously formed low density polyethylene film, 
having a thickness of 2.75 to 3.25 mils (0.07 to 0.08 mm) is then extrusion laminated to the treated and 

20 primed polypropylene layer, using about 1.0 mil (0.025 mm) of low density polyethylene as the extrusion 
laminant. The 2.75 to 3.25 mil (0.07 to 0.08 mm) low density polyethylene layer is then extrusion laminated 
to an aluminium foil layer using about 1.0 mil (0.025 mm) of ethylene acrylic acid copolymer as the 
extrusion laminant. Optionally, after this step the still exposed surface of the foil, may be primed using a 
polyacrylic acid based primer. 

25 The foil is finally coextrusion coated with a coextrudate of ethylene acrylic acid copolymer and 
polyethylene or linear low density polyethylene, the ethylene acrylic acid copolymer being coated onto the 
foil. The overall thickness of the sheet material is about 10 mils {0.25 mm). ^ 5 

Embodiments of the invention will now be described in more detail, by way of non limitative example 
only, with reference to the accompanying drawings, in which: 

30 Figure 1 is a cross-section of a preferred embodiment of sheet structures according to the invention. 
Figure 2 is a cross-section of another embodiment of the invention, which is slightly modified from the 
embodiment shown in Figure 1. 

Figure 3 is a cross-section of still another embodiment of the invention, which combines the novel 
strengthening layers with more conventional sealant layer structure for disposition on the interior of the 

35 tube, and 

Figure 4 is a partially cut-away view of a tube made from sheet structure according to this invention. 
Turning now to the drawings, the numeral 10 in Figure 1 designates the entire multiple layer sheet 
structure cross-section. Layers 12 and 20 are low density polyethylene (LDPE). Layer 22 is pigmented LDPE.* 
Layer 14 is ethylene methyl acrylate (EMA). Layer 16 is polypropylene (PP). Layer 18 is polyethylene imine 
40 (PEI) primer. Layers 24 and 30 are ethylene acrylic acid copolymer (EAA). Layer 26 is aluminum foil. Layer 
28 is a polyacrylic acid chrome complex primer; and layer 32 is linear low density polyethylene (LLDPE). 

With reference now to the particular combination of layers and their interactions with one another to 
form the dynamics of the invention, it is seen that layers 20 to 32 form a substructure which possesses 
features in common with our aforesaid European applications, although it will be seen that there is no 
45 paper in the present structure. 

In pointing to the novelty of the structure, attention is concentrated on layers 12, 14 and 16. In 
particular, layer 16 alone has two parameters significant to the present invention. The first significant 
parameter is that the PP is uniaxially oriented, with orientation ratio of 3/1 to 4/1. The second significant 
parameter is its location in the structure. We have found that unexpected advantage is achieved when the 
so uniaxially oriented PP layer is within 1.5 mils (0.04 mm) and preferably within 1.0 mil (0.025 mm) of the 
surface of the sheet structure which will form the outside of the tube. 

In forming the sheet structure, it is economical and convenient to coextrude layers 12, 14 and 16 as a 
film substructure, and to uniaxially orient the three layer substructure, such that all of layers 12, 14 and 16 
are uniaxially oriented. After orientation, the PP layer is then corona treated and primed with PEI primer 
55 (layer 18) before being extrusion laminated to the LDPE film of layer 20. 

' In Figure 2 the overall structure is designated 110. The layers in Figure 2 are numbered in the 100 series 
of numbers corresponding to the two digit numbers of like layers serving the same or similar functions in 
Figure 1. Thus, both layers 12 and 1 12 are LDPE layers serving as an outside layer of their structures and are 
heat seaiable. Similar comparisons apply to all layers in Figure 2, except Iayers114and 119. Layer114is an 
so anhydride modified polypropylene adhesive substituted in place of the EMA of layer 14 in Figure 1. Layer 
119 is ink used for printing artwork on the PP layer. 

In Figure 3 the overall structure is designated 210. The layers in Figure 3 are numbered in the 200 series 
of numbers corresponding to the two digit numbers of like layers serving the same or similar functions in 
Figure 1. Thus layers 212, 214, and 216 represent the uniaxially oriented three layer substructure, 218 is PEI, 
65 220 and 222 are LDPE. Layers 224 and 230 are EAA. Layer 226 is aluminum foil. Layer 232 is LDPE. Of the 
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titrated embodiments, Figure 3 "P"-"^*-g pTpeHayer andTa^dS^e SnSy 
r^avTwirirrScS StfSSttSSra^ « - » are, of course. 

The overall tube is designated 34 with part of the tut* cutj aw y repr esents that the 

oriented PP I ?8 r l» »th, n 1^ 

hereinafter. 

« ^T&Vcma and PP are cast coextruded using three extruders feeding into a coextrusion die, and 
thicknesses: 

0.8 mil LDPE (0.02 mm) 

° . . 0.2 mi! EMA (0.005 mm) 

1.0 mil PP (0.025 mm) 

The PP surface is corona treated and primed with PEI I primer. The 

^TKT oriented three-layer substructure. 

6X8 Another sheet structure is made using the same processes and materials but with some different layer 
Wd^SSK^ substructure is 2.5 mils (0.063 mm) th.ck, as follows: 

1.2 mils LDPE (0.03 mm) 

0.3 mil EMA (0.0076 mm) 

1.0 mil PP (0.025 mm) 

60 The other differences are 0.25 mil (0.006 mm) foil and 2.0 mil (0.051 mm) LLDPE. 

EXa An'other sheet structure is made as in Example 2 using the same processes and materials, except as 
ss follow! three-layer oriented substructure is two mils thick, as follows: 
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0.8 mil LDPE (0.02 mm) 

0.2 mil Admer (0.005 mm) 
1.0 mil PP (0.025 mm) 

s Admer (Registered Trade Mark) is an anhydride modified polypropyiene-based adhesive polymer. 
After the PP layer is corona treated and primed, it is printed with ink before being extrusion laminated to the 
LDPE layer, which in this case is 3.25 mils (0.08 mm) thick instead of 2.75 mils (0.07 mm) as before. 

Example 4 

io Yet another sheet structure is made as in Example 3 using the same processes and materials, except as 
follows. In the three layer oriented substructure, 0.2 mil (0.005 mm) EMA is substituted for the Admer. The 
ink is omitted. The extrusion laminant LDPE layer corresponding to layer 220 in Figure 3 is 0.8 mil (0.02 
mm). The polyacrylic acid chrome complex primer is omitted; and the final three layers are: 

15 0.25 mil foil (0.006 mm) 

2.0 mils EAA (0.05 mm) 

1.2 mils LDPE (0.03 mm) 

Table 1 shows the complete structures of Examples 1—-4 along with structures of comparative 
20 examples A, B and C which are not within the scope of this invention. Comparative example A is paperless, 
but does not contain a uniaxially oriented layer. Comparative example B contains a uniaxially oriented PP 
layer, but it is substantially farther than 1.5 mils (0.038 mm) from the surface of the sheet structure. 
Comparative example C is a conventional sheet structure used commercially to make toothpaste tubes. 
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TABLE I 






Ex. 1 




Ex. 2 






0.8 mil LDPE* 


(0.02 mm) 


1.2 mil LDPE* 


(0.030 mm) 


30 


0.2 mil EMA* 


(0.005 mm) 


0.3 mil EMA* 


(0.008 mm) 




1.0 mil PP* 


(0.025 mm) 


1.0 mil PP* * 


(0.025 mm) 




Primer 




Primer 






1.0 mil LDPE 


(0.025 mm) 


1.0 mil LDPE 


(0.025 mm) 


35 


2.75 mils white LDPE 


(0.07 mm) 


2.75 mils white LDPE 


(0.07 mm) 




1.0 mil EAA 


(1.025 mm) 


1.0 mil EAA 


(0.025 mm) 




0.7 mil foil 


(0.018 mm) 


0.25 mil foil 


(0.006 mm) 




Primer 




Primer 




40 


0.5 mil EAA 


(0.013 mm) 


0.5 mil EAA 


(0.013 mm) 




2.05 mils LLDPE 


(0.064 mm) 


2.0 mils LLDPE 


(0.051 mm) 




10.0 mils Total 


(0.25 mm) 


10.0 mils Total 


(0.25 mm) 


45 


Ex. 3 




Ex. 4 






0.8 mil LDPE* 


(0.02 mm) 


0.8 mil LDPE* 


(0.02 mm) 




0.2 mil Admer* 


(0.005 mm) 


0.2 mil EMA* 


(0.005 mm) 




1.0 mil PP* 


(0.025 mm) 


1.0 mil PP* 


(0.025 mm) 


50 


Primer 




Primer 






Ink 




0.8 mil LDPE 


(0.02 mm) 




1.0 mil LDPE 


(0.025 mm) 


3.25 mils white LDPE 


(0.08 mm) 




3.25 mils white LDPE 


(0.08 mm) 


1.0 mil EAA 


(0.025 mm) 


55 


1.0 mil EAA 


(0.025 mm) 


0.25 mil foil 


(0.006 mm) 




0.25 mil foil 


(0.006 mm) 


2.0 mils EAA 


(0.051 mm) 








1.2 mils LDPE 


(0.030 mm) 




Primer 








0.5 mil EAA 


(0.013 mm) 


10.0 mils Total 


(0.25 mm) 


60 


2.0 mils LLDPE 


(0.051 mm) 





10.0 mils Total (0.25 mm) 



65 
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TABLE I (Continued) 



Comp. Ex. A 



Comp. Ex. B 



2.5 mils LDPE 

0.5 mils LDPE 

3.25 mils white LDPE 

1.0 mil EAA 

0.25 mil foil 



Primer 



0.5 mil EAA 
2.0 mils LLDPE 



(0.064 mm) 
(0.013 mm) 
(0.08 mm) 
(0.025 mm) 
(0.006 mm) 



(0.013 mm) 
(0.051 mm) 



2.5 mils LDPE 
1.25 mils LDPE 
2.0 mils PP* 
1.5 mil white EAA 
0.25 mil foil 



Primer 



0.5 mil EAA 
2.0 mils LLDPE 



(0.064 mm) 
(0.032 mm) 
(0.051 mm) 
(0.038 mm) 
(0.006 mm) 



(0.013 mm) 
(0.051 mm) 



10.0 mils Total 

75 


(0.25 mm) 


10.0 mils Total 


(0.025 mm) 




Comp. Ex. C 






1.5 mils LDPE 


(0.038 mm) 




20 


ink 


(0.051 mm) 
(0.041 mm) 
(0.018 mm) 
(0.084 mm) 




2.0 mils white LDPE 
1.6 mils paper 
0.7 mils LDPE 
3.3 mils EAA 




25 


0.7 mil foil 


(0.018 mm) 




2.0 mils EAA 
1.2 mils LDPE 

13.0 mils Total 


(0.051 mm) 
(0.030 mm) 

(0.33 mm) 
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*Uniaxially oriented layer 

Portions of the sheet structures of Examples 1, 2 and 3 and comparative Example A, B and C were 
made into dispensing tubes in known manner. That is, tubes were formed by forming a longitudinal lap 
seam by heat sealing techniques to form tubes 1-1 1/32 inches (34 mm) in diameter. The tubes were then 
cut to lenqth and heads were injection molded into one end, including the use of conventional inserts, and 
capped. The tubes were filled with product and the ends sealed. The filled tubes were then subjected to 
testing to demonstrate their desired properties. 

^nThead drop test performed with tubes filled with toothpaste, a tube was dropped on its capped head 
from a height of 4 feet (1 .22 m) onto a hard surface. The same tube was repeatedly dropped until it failed, 
with a maximum of 11 drops per tube, 3 tubes per variable. anH thannintc 
In evaluating the tubes according to the drop tests, each drop was counted as one point, and the points 
for each Example were averaged to obtain a representative scoring for each Example. Table 2 shows that 
tubes made with sheet structures of this invention are physically as strong as tubes from the sheets of 
Comparative Examples A and B, and much stronger than tubes from the thicker sheet of Comparative 
Example C. 

Dea ^°the t use S of tubed product such as from a tube of toothpaste, it is desirable to be able to flatten the 
tube as the product is used, making subsequent dispensing easier. Thus the deadfold characteristics of a 
tube sheet structure material predict the ability of that tube to stay flat The stay flat characteristic is 
specifically important when testing the fold on the side of the sheet structure that simulates the fold when a 
tube is flattened; namely folding onto itself that surface that would form the inside of the tube, such as 

'^l^perfo^ deadfold test a metal weight is used to establish the fold. The metal weight is a 

rectangular rod 1 inch (2.54 cm) square and 1 5 inches (38.1 cm) long, weighing 4 pounds (1.8 kg). Each test 
specimen of the sheet structure is 4 inches (10.1 cm) long and 1 inch (2.54 cm) wide. The strip is placed on a 
flat surface and bent over across its width without creasing it. The weight is then placed squared and 
qently across the bent strip so that it folds it down flat and remains squarely on the folded strip. After 30 
seconds the weight is removed and the sample is tipped on edge. 30 seconds after the weight is removed a 
protractor is used to read the angle formed by the crease, and the result is reported as an angle. Table 2 
shows that deadfold retention for structures of this invention is better than deadfold retention of 
Comparative Examples A and B and, in the case of Example 1 is nearly as good as Comparative Example C. 
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TABLE 2 



Fvamnlp 

LAdl ( I (JIG 


Caliper (mils) 


Drop 

Qtronnth 


Deadfold 

1 CICI 1 11 LI 1 1 


1 


10.0 


(0.25 mm) 


11 


23° 


2 


10.0 


(0.25 mm) 


10 


54° 


3 


10.0 


(0.25 mm) 


9 


34° 


Comp A 


10.0 


(0.25 mm) 


11 


104° 


Comp B 


10.0 


(0.25 mm) 


8 


76° 


Comp C 


13.0 


(0.33 mm) 


1 


22° 



To put the data into perspective, some basic overall comparisons need to be pointed out The 
20 commercial structure of comparative Example C has good deadfold, poor drop strength, and is 30% thicker 
than the other examples, and is costlier. Comparative Examples A and B have good drop strengths and are 
comparatively less expensive, but have poor deadfold retention. The examples of the invention have good 
drop strength, are relatively inexpensive, and approach the commercial structure in deadfold 
characteristics. 

25 As indicated hereinabove the strength and deadfold characteristics of the sheet structure materials of 
this invention are believed to be attributable to the uniaxial orientation of the PP layer in combination with 
its proper positioning in the structure. Thus it is anticipated that similar results will be obtained with similar 
structures wherein only the PP layer is oriented or wherein the PP and the LDPE layer such as at 12 in Figure 
1 are oriented. 

30 Those skilled in the art will see certain polymer substitutions which may be made without detracting 
from the overall performance of the sheet structure, depending on the intended use. The two outer layers 
of the structure, for example, may be made of other heat sealable polymers, so long as they are compatible 
for heat sealing purposes. Depending on the polymer selected for the outer layer 12, an alternate adhesive 
polymer may be selected for layer 14. Also, higher density polyethylene, 6r ethylene copolymers may, in 

35 some cases, be advantageously used instead of LDPE in the interior layers of the sheet structure, e.g. for 
layers 20 and 22. Likewise, any graphics, or other ink printing, could be done at an alternative layer surface 
to that shown in Figure 2. 

Certain of the layers in the inventive structures herein are described as being uniaxially oriented. It has 
been discovered that the preferred direction of orientation is in the with-machine direction. 

40 

Claims 

1. A multiple-layer sheet structure for packaging including a heat sealable layer forming an exterior 
45 surface of the structure, a polypropylene layer and an intervening adhesive layer, wherein the 

polypropylene layer at least is uniaxially oriented at a stretch ratio of 3/1 to 4/1 and this layer is disposed 
with its surface in contact with the adhesive layer being within 1.5 mil (0.038 mm) of the said exterior 
surface. 

2. A multiple layer sheet structure according to claim 1, having two exterior surface layers and a 
so plurality of interior layers, and comprising, in order: 

(a) a first heat sealable layer (32, 132, 232) at a first one of said exterior surfaces; 

(b) a first adhesive layer (30, 130, 230) of ethylene acrylic acid copolymer; 

(c) a metal foil layer (26, 126, 226); 

(d) a second adhesive layer (24, 124, 224) of ethylene acrylic acid copolymer; 
55 (e) a first layer (22, 122, 222) of polyethylene or an ethylene copolymer; 

(f) a second layer (20, 120, 220) of polyethylene or an ethylene copolymer; 

(g) a primer layer (18, 118, 218); 

(h) said layer (16, 116, 216) of uniaxially oriented polypropylene; 

(i) a third adhesive layer (14, 114, 214) comprising said intervening adhesive layer; and 

60 (i) the heat sealable layer of claim 1 as a second heat sealable layer (1 2, 1 1 2, 21 2) of the structure at the 
second one of said exterior surfaces. 

3. A structure according to claim 2, wherein the second heat sealable layer (12, 112, 212) is uniaxially 
oriented. 

4. A structure according to claim 2, wherein the second heat sealable layer (12, 112, 212), said third 
65 adhesive layer (14, 114, 214) and said polypropylene layer (16, 116, 216) are produced by coextrusion as a 
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three layer film and are uniaxially oriented simultaneously as a three layer film, the orientation ratio being 
from 3/1 to 4/1. 

5. A structure according to claim 2, 3 or 4, wherein the said first and second heat sealable layers (32, 
132, 232; 12, 112, 212) are compatible for heat sealing to one another. 
5 6. A structure according to any of claims 2 to 5 including ink printing on said first primer (18, 118, 218) 
and between said first primer and said second layer (20, 120, 220) of polyethylene or ethylene copolymer. 

7. A structure according to any of claims 2 to 6, further including a second primer (28, 1 28) between the 
metal foil (26, 126) and said first adhesive layer (30, 130). 

8. A structure according to any of claims 2 to 7, wherein the first heat sealable layer (32, 132, 232) is 
10 linear low density polyethylene, there is a polyacrylic acid-based primer between the first adhesive layer 

and the metal foil, the two contiguous polyethylene layers are low density polyethylene, the said primer 
layer (18, 118, 218) is a polyethylene imine primer, the third adhesive layer is ethylene methyl acrylate; and 
the second heat sealable layer (12, 112, 212) is uniaxially oriented low density polyethylene, the third 
adhesive layer, the polypropylene layer and the second heat sealable layer all being uniaxially stretched 
is and the stretch ratios all being the same, from 3/1 to 4/1. 

9. A structure according to any of claims 2 to 8, wherein the three layers comprising the second heat 
sealable layer, the third adhesive layer and the polypropylene layer are in toto 2.0—2.5 mils (0.051—0.064 
mm) thick and said polypropylene layer is about 1.0 mil (0.025 mm) thick. 

10. A structure according to claim 9, wherein the second heat sealable layer is 1.2 mils (0.031 mm) 
20 thick, the third adhesive layer is 0.3 mil (0.008 mm) thick, and the overall sheet structure being about 10 mils 

(0.25 mm) thick. 

11. A structure according to claim 9, wherein the second heat sealable layer is 0.8 mil (0.02 mm) thick, 
the third adhesive layer is 0.2 mil (0.005 mm) thick, and the overall sheet structure is about 10 mils (0.25 
mm) thick. 

25 12. A flexible dispensing tube made of the multiple layer sheet structure according to any of the 
preceding claims 1 to 1 1, having the first and second heat sealable layers at its inside and outside surfaces 
and being formed into a generally cylindrical shape having a lap heat seal between the first and second 
heat sealable surfaces, the surface of the uniaxially oriented polypropylene layer which is in contact with 
the intervening adhesive layer being within 1.5 mils (0.038 mm) of the exterior surface of the tube and the 

30 orientation direction running the length of the tube. 

13. A flexible dispensing tube according to claim 12, wherein the polypropylene layer is disposed with 
its surface in contact with the adhesive layer being within 1 mil (0.025 mm) of the exterior surface of the 
tube. 

14. A flexible dispensing tube according to claim 12 or claim 13, wherein the second heat sealable 
35 layer, the third adhesive layer and the polypropylene layer are all uniaxially oriented, their orientation 

ratios being 3/1 to 4/1, and the orientation direction running the length of the tube. 

15. A method of making a multiple layer sheet structure comprising the steps of: 

(a) coextruding a three layer film and uniaxially orienting it an orientation ratio of 3/1 and 4/1 to 
produce an oriented film having three consecutive layers of 0.8—1.2 mils (0.02—0.03 mm) low density 

40 polyethylene, 0.2 to 0.3 mil (0.005—0.008 mm) ethylene methyl acrylate, and about 1,0 mil (0.025 mm) 
polypropylene; 

(b) corona treating the polypropylene surface of the oriented three layer film; 

(c) priming the polypropylene surface of the oriented three layer film with polyethylene imine; 

(d) extrusion laminating a previously formed low density polyethylene film, having a thickness of 
45 about 2.75 to 3.25 mils (0.07 to 0.08 mm)* to said treated and primed polypropylene layer, using about 1.0 

mil (0.025 mm) of low density polyethylene as the extrusion laminant; 

(e) extrusion laminating said 2.75 to 3.25 mil (0.07 to 0.08 mm) low density polyethylene layer to an 
aluminum foil layer using about 1.0 mil (0.025 mm) of ethylene acrylic acid copolymer as the extrusion 
laminant; and 

so (f) coextrusion coating said foil with a coextrudate of ethylene acrylic acid copolymer and polyethylene 
or linear low density polyethylene, said ethylene acrylic acid copolymer being coated onto said foil; the 
overall thickness of said sheet material being about 10 mils (0.25 mm). 

16. A method according to claim 15 and including the step of priming the aluminum foil with a 
polyacrylic acid chrome complex primer before coextrusion coating said foil. 

55 

Patentanspruche 

1. Mehrschichtiger Bahnaufbau zum Verpacken mit einer warmeschweififahigen Lage, die eine auSere 
60 Oberflache des Lagenaufbaus bildet, eine Polypropylenlage und eine dazwischen liegende adhesive Lage, 

wobei die Polypropylenlage zumindest in einer Richtung mit einem Dehnungsverhaltnis von 3/1 bis 4/1 
ausgerichtet ist und diese Lage mit ihrer Oberflache in Kontakt mit der adhesiven Lage innerhalb 1,5 mil 
(0,038 mm) der AuBenoberflache angeordnet ist. 

2. Mehrschichtiger Bahnaufbau gemaS Anspruch 1, mit zwei AuGenfiachenlagen und einer Vielzahl 
65 von Innenlagen, in folgender Reihenfolge: 
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(a) eine erste warmeschweiSfahige Lage (32, 132, 232) auf einer ersten der AuSenflachen; 

(b) eine erste adhesive Lage (30, 130, 230) aus Ethylen-Acryl-Acid-Copolymer; 

(c) eine Metailfolieniage (26, 126, 226); 

(d) eine zweite adhesive Lage (24, 124, 224) aus Ethylen-Acryl-Acid-Copolymer; 

5 (e) eine erste Lage (22, 122, 222) aus Polyethylen oder einem Ethylen-Copolymer; 

(f) eine zweite Lage (20, 120, 220) aus Polyethylen oder einem Ethylen-Copolymer; 

(g) eine Primer-Lage (18, 118, 218); 

(h) die genannte Lage (16, 116, 216) aus in einer Richtung ausgerichtetem Polypropylen; 

(i) eine dritte adhesive Lage (14, 114, 214), die die genannte zwischenliegende adhesive Lage umfaSt; 

w und 

(j) die warmeschweiSfahige Lage aus Anspruch 1 als eine zweite warmeschweiSfahige Lage (12, 112, 
212) des Aufbaus auf der zweiten der AuSenflachen. 

3. Aufbau nach Anspruch 2, wobei die zweite warmeschweiSfahige Lage (12, 112, 212) in einer 
Richtung ausgerichtet ist. 

is 4. Aufbau nach Anspruch 2, wobei die zweite warmeschweiSfahige Lage (12, 112, 212), die genannte 
dritte adhesive Lage (14, 114, 214) und die genannte Polypropyleniage (16, 116, 216) durch Coextrusion als 
ein Dreilagenfilm hergesteilt und gleichzeitig als ein Dreilagenfilm in einer Richtung gereckt sind, wobei 
das Reckverhaltnis von 3/1 bis 4/1 betragt. 

5. Aufbau nach Anspruch 2, 3 oder 4, wobei die genannten ersten und zweiten heiSschweiSbaren 
20 Lagen (32, 132, 232; 12, 112, 212) zum HeiSschweiSen miteinander copatibel sind. 

6. Aufbau nach mindestens einem der Anspruche 1 bis 5, wobei ein Tintenbedrucken auf die erste 
Primarlage (18, 118, 218) und zwischen der genannten ersten Primar und der genannten zweiten Lage (20, 
120, 220) aus Polyethylen oder Ethylen-Copolymer vorgesehen sind. 

7. Aufbau nach mindestens einem der Anspruche 2 bis 6, wobei eine zweite Primarlage (28, 128) 
25 zwischen der Metallfolie (26, 126) und der genannten ersten Adhesivlage (30, 130) vorgesehen ist. 

8. Aufbau nach mindestens einem der Anspruche 2 bis 7, wobei die erste heiSschweiBfahige Lage (32, N 
132, 232) aus linearem niedrig dichtem Polyethylen besteht, zwischen der ersten adhesiven Lage und der 
Metallfolie eine auf Polyacrylsaurebasis hergestelite Primerlage angeordnet ist, die beiden durchgehenden 
Poiyethylenlagen aus niedrig dichtem Polyethylen bestehen, die genannten Primarlage (18, 118, 218) ein 

30 Polyethylen Imin Primer ist, die dritte adhesive Lage ein Ethylen - Methyl - Acryiat ist und die zweite 
warmschweiSbare Lage (12, 112, 212) aus In einer Richtung gerecktem niedrig dichte Polyethylen ist, die 
dritte adhesive Lage, die Polypropyleniage und die zweite warmeschweiSfahige Lage, die Polypropylen- 
iage und die zweite warmeschweiSbare Lage, alle in einer Richtung gedehnt und die Dehnverhaltnisse afle 
die gleichen sind, namlich von 3/1 bis 4/1. 

35 9. Aufbau gemaS mindestens einem der Anspruche 2 bis 8, wobei die drei Lagen, die die zweiten 
warmeschweiSfahige Lage, die dritte adhesive Lage und die Polypropyleniage enthalten in toto 2,0—2,5 
mils (0,051—0,064 mm) dick sind und die Polypropyleniage ca. 1,0 mii (0,025 mm) aufweist. 

10. Aufbau nach Anspruch 9, wobei die zweite warmeschweiSfahige Lage 1,2 mils (0,032 mm) dick ist, 
die dritte adhesive Lage 0,3 mil (0,008 mm) dick und die Gesamtdicke der Bahnstruktur ca. 10 mils (0,25 

40 mm) betragt 

11. Aufbau gemaS Anspruch 9, wobei die zweite warmeschweiSfahige Lage 0,8 mil (0,02 mm), die 
dritte adhesive Lage 0,2 mil (0,005 mm) dick ist und die Gesamtdicke der Struktur der Bahn ca. 10 mils (0,25 
mm) betragt 

12. Biegsame Spende-Tube, hergesteilt aus der mehrschichtigen Strukturbahn gemaS mindestens 
45 einem der vorangegangenen Anspruche 1 bis 1 1 , wobei die erste und zweite heiSschweiSfahigen Lagen an 

ihren Innen- und AuSenoberflachen angeordnet und in einer im wesentiichen zylindrischen Gesalf geformt 
sind mit einer FaizwarmeschweiSung zwischen der ersten und zweiten schweiSfahigen Oberflache, wobei 
die Oberflache der in einer Richtung gedehnten Polypropyleniage, die in Kontakt mit der inneren adhesiven 
Lage ist, innerhalb 1,5 mils (0,038 mm) der AuSenflache der Tube ist und die Reckrichtung in Langsrichtung 
so der Tube verlauft. 

13. Biegsame Tube nach Anspruch 12, wobei die Polypropyleniage, die mit ihrer Oberflache in Kontakt 
mit der adhesiven Lage ist, innerhalb 1 mil (0,025 mm) der AuSenflache der Tube liegt 

14. Biegsame Tube nach Anspruch 12 oder 13, wobei die zweite warmeschweiSfahige Lage, die dritte 
adhesive Lage und die Polypropyleniage alle in einer Richtung orientiert sind, wobei ihr Reckverhaltnis 

55 zwischen 3/1 bis 4/1 ist und die Orientierungsrichtung in Langsrichtung der Tube verlauft 

15. Verfahren zum Herstellen einer mehrschichtigen Lagenstruktur mit den folgenden Verfahrens- 
schritten: 

(a) Koextrudieren eines dreilagigen Films und Recken in einer Richtung in einem Dehnverhaitnis von 
60 3/1 und 4/1, urn einen ausgerichteten Film mit drei aufeinanderliegenden Lagen von 0,8 bis 1,2 mils 

(0,02—0,03 mm) Polyethylen niedriger Dichte, 0,2—0,3 mil (0,005—0,008 mm) Ethylen - Methyl - Acryiat 
und ca. 1,0 mil (0,025 mm) Polypropylen zu erzeugen; 

(b) Korona-Behandiung der Polypropylenoberflache des gerecktem dreilagigen Films; 

(c) Grundieren der Polypropylenoberflache des gerichteten dreilagigen Films mit Polyethylenimin; 
65 (d) Extrusionslaminieren eines zuvor gebiideten Polyethylenfilms geringer Dichte mit einer Dicke von 
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ca. 2,75— 3,25 mils (6,07 bis 0,08 mm) auf die genannte behandelte und grundierte Polypropylenlage, 
wobei ca. 1,0 mil (0,025 mm) Polyethylen geringer Dichte als Extrusionslaminat verwendet wird; 

(e) Extrusionslaminieren der 2,75—3,25 mils (0,07—0,08 mm) Propylenlage geringer Dichte auf eine 
Aluminiumfolienlage, wobei ca. 1,0 mil (0,025 mm) Ethylenacrylsaure Copolymer als Extrusionslaminat 

s verwendet wird; und 

(f) Koextrusionsbeschichten der Folie mit einem Koextrudat das Ethylen-AcrylsSure Copolymer und 
Polyethylen Oder linearem Polyethylen geringer Dichte, wobei das Ethyl en-Acrylsau re Copolymer auf die 
Folie geschichtet wird, und wobei die Gesamtdicke des Bahnmaterials ca. 10 mils (0,25 mm) betragt 

16. Verfahren nach Anspruch 15 mit dem Verfahrensschritt des Grundierens der Aluminiumfoiie mit 
10 einem Polyacrylsaure - Chromkomplex - Grundierer vor dem Koextrusionsbeschichten der Folie. 

Revendications 

1. Structure de feuille multicouche pour I'emballage, comprenant une couche thermoscellable formant 
75 une surface exterieure de la structure, une couche de polypropylene et une couche intermediate d'adhesif, 

dans laquelle la couche de polypropylene, au moins, est orientee uniaxialement a un rapport d'etirage de 
3/1 k 4/1 et cette couche est disposee de fa9on que sa surface soit en contact avec la couche d'adhesif a 
moins de 1,5 mil (0,038 mm) de ladite surface exterieure. 

2. Structure de feuille multicouche selon la revendication 1, comportant deux couches de surface 
20 exterieure et plusieurs couches interieures, et comprenant, dans I'ordre: 

(a) une premiere couche thermoscellable (32, 132, 232) a une premiere desdites surfaces exterieures; 

(b) une premiere couche d'adhesif (30, 130, 230) en copolymere d'ethylene et d'acide acrylique; 

(c) une couche en film de metal (26, 126, 226); 

(d) une deuxieme couche d'adhesif (24, 124, 224) en copolymere d'ethylene et d'acide acrylique; 
25 (e) une premiere couche (22, 122, 222) de polyethylene ou d'un copolymere d'ethylene; 

(f) une deuxieme couche (20, 120, 220) de polyethylene ou d'un copolymere d'ethylene; 

(g) une couche d'appret (18, 118, 218); 

(h) ladite couche (16, 116, 216) de polypropylene uniaixialement oriente; 

(i) une troisieme couche d'adhesif (14, 114, 214) comprenant ladite couche d'adhesif intermediaire; et 
30 (j) la couche thermoscellable de la revendication 1 en tant que seconde couche thermoscellable (12, 

112, 212) de la structure, a la seconde desdites surfaces exterieures. 

3. Structure selon la revendication 2, dans laquelle la seconde couche thermoscellable (12, 112, 212) est 
uniaxialement orientee, 

4. Structure selon ia revendication 2, dans laquelle la seconde couche thermoscellable (12, 112, 212), 
35 ladite troisieme couche d'adhesif (14, 114, 214) et ladite couche (16, 116, 216) de polypropylene sont 

produites par coextrusion sous la forme d'un film a trois couches et sont uniaxialement orientees 
simultanement sous la forme d'un film a trois couches, le rapport d'orientation etant de 3/1 a 4/1. 

5. Structure selon la revendication 2, 3 ou 4, dans laquelle lesdites premiere et seconde couches 
thermosceilables (32, 132, 232; 12, 112, 212) sont compatibles pour etre thermoscellees entre elles. 

40 6. Structure selon Tune quelconque des revendications 2 a 5, comprenant une impression a I'encre sur 
ledit premier appret (18, 118, 218) entre ledit premier appret et ladite seconde couche (20, 120, 220) de 
polyethylene ou d'un copolymere d'ethylene. 

7. Structure selon I'une quelconque des revendications 2 a 6, comprenant en outre un second appr£t 
(28, 128) entre le film de metal (26, 126) et ladite premiere couche d'adhesif (30, 130). 

45 8. Structure selon Tune quelconque des revendications 2 a 7, dans laquelle la premiere couche 
thermoscellable (32, 132, 232) est en polyethylene lineaire, basse densite, un appret a base d'acide 
polyacrylique se trouve entre la premiere couche d'adhesif et le film de metal, ies deux couches contigues 
de polyethylene sont en polyethylene basse densite, ladite premiere couche d'apparet (18, 118, 218) est un 
appr§t en polyethyieneimine, la troisieme couche d'adhesif est en ethyienemethylacrylate; et la seconde 

so couche thermoscellable (12, 112, 212) est en polyethylene basse densite, uniaxialement oriente, la 
troisieme couche d'adhesif, la couche de polypropylene et ia seconde couche thermoscellable etant toutes 
uniaxialement etirees et Ies rapports d'etirage etant tous Ies mdmes, de 3/1 a 4/1. 

9. Structure selon Tune quelconque des revendications 2 a 8, dans laquelle Ies trois couches 
comprenant la seconde couche thermoscellable, ia troisieme couche d'adhesif et la couche de 

55 polypropylene ont, au total, une epaisseur de 2,0—2,5 mils (0,051—0,064 mm) et ladite couche de 
polypropylene a une epaisseur d'environ 1,0 mil (0,025 mm). 

10. Structure selon la revendication 9, dans laquelle la seconde couche thermoscellable a une 
epaisseur de 1,2 mil (0,031 mm), la troisieme couche d'adhesif a une 6paisseur de 0,3 mil (0,008 mm) et la 
structure de feuille globale a une epaisseur d'environ 10 mils (0,25 mm). 

so 11. Structure selon la revendication 9, dans laquelle la seconde couche thermoscellable a une 
epaisseur de 0,8 mil (0,02 mm), la troisieme couche d'adhesif a une epaisseur de 0,2 mil (0,005 mm) et la 
structure de feuille globale a une epaisseur d'environ 10 mils (0,25 mm). 

12. Tube distributeur souple forme de la structure de feuille multicouche selon I'une quelconque des 
revendications precedentes 1 a 11, ayant Ies premiere et seconde couches thermosceilables a ses surfaces 

65 interieure et exterieure et etant fagonne en une forme globalement cylindrique ayant un joint thermoscelie 
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a recouvrement entre les premiere et seconde surfaces thermoscellables, la surface de la couche de 
polypropylene uniaxialement oriente, qui est en contact avec ia couche d'adhesif intermediate, etant a 
moins de 1 f 5 mil (0,038 mm) de la surface exterieure du tube et la direction d'orientation suivant la 
longueur du tube. 

5 13. Tube distributee souple selon la revendication 12, dans lequel la couche de polypropylene est 
disposee de facon que sa surface en contact avec la couche d'adhesif soit a moins de 1 mil (0,025 mm) de la 
surface exterieure du tube. 

14. Tube distributee souple selon la revendication 12 ou la revendication 13, dans lequel la seconde 
couche thermoscellable, ia troisierne couche d'adhesif et la couche de polypropylene sont toutes 

70 uniaxialement orientees, leurs rapports d'orientation etant de 3/1 a 4/1, et la direction d'orientation suivant 
(a longueur du tube. 

15. Procede de fabrication d'une structure de feuiile multicouche comprenant les eta pes qui consistent: 

(a) a coextruder un film a trois couches et a i'orienter uniaxialement dans un rapport d'orientation de 
3/1 a 4/1 pour produire un film oriente ayant trois couches consgcutives de 0,8—1,2 mil (0,02 — 0,03 mm) en 

15 polyethylene basse densite, de 0,2 a 0,3 mil (0,005—0,008 mm) en ethylene-methylacrylate, et d'environ 1,0 
mil (0,025 mm) en polypropylene; 

(b) a traiter par decharge d'effluves la surface de polypropylene du film oriente a trois couches; 

(c) a appreter la surface de polypropylene du film oriente a trois couches avec du poly6thylene-imine; 

(d) a stratifier par extrusion un film de polyethylene basse densite, precedemment forme, ayant une 
20 epaisseur d'environ 2,75 a 3,25 mils (0,07 a 0,08 mm) sur ladite couche de polypropylene traitee et 

apprdtee, en utilisant environ 1,0 mil (0,025 mm) de polyethylene basse densite en tant que stratifiant 
d'extrusion; 

(e) a stratifier par extrusion ladite couche de 2,75 a 3,25 mils (0,07 a 0,08 mm) de polyethylene basse 
density sur une couche formee d'un film d'aluminium en utilisant environ 1,0 mil (0,025 mm) d'un 

25 copolymere d'&hylene et d'acide acrylique en tant que stratifiant d'extrusion; et 

(f) a revetir par coextrusion ledit film d'un coextrudat de copolymere d'ethylene et d'acide acrylique et 
de polyethylene ou de polyethylene lineaire basse densite, ledit copolymere d'ethylene et d'acide acrylique 
etant applique sur ledit film; I'epaisseur globale de ladite matiere en feuiile etant d'environ 10 mils (0,25 
mm). 

30 16. Procede selon la revendication 15, comprenant I'etape qui consiste a appreter le film d'aluminium 
avec un apprdt constitue d'un complexe de chrome et d'acide polyacrylique avant le revetement de 
coextrusion dudit film. 
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